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KEY POINTS
 The presence of certain molecular, biological, and psychosocial factors at certain points in
the life span, has been linked to later development of schizophrenia.
 Environmental risk factors for schizophrenia include prenatal exposures, obstetric com-
plications (OCs), childhood trauma, urban birth, migrant status, and adolescent cannabis
use.
 Identified risk factors are neither necessary nor sufficient causal factors for schizophrenia.
The vast majority of people who are exposed to them do not develop schizophrenia and
a majority of individuals with schizophrenia may not have had the specific exposure in
question.
 These risk factors cannot be ignored because of their small effect and need to be consid-
ered in the context of schizophrenia as a lifelong brain disorder.INTRODUCTION
The presence of certain molecular, biologic, and psychosocial factors at certain points
in the life span, has been linked to later development of schizophrenia. These include
common and rare genetic variants; prenatal exposures, such as infection, stress, and
nutrition; OCs; childhood trauma; urban birth; migrant status; and adolescent
cannabis use. Some of these risk factors operate on an individual level and some
on a societal level but all need to be considered in the context of schizophrenia as
a lifelong brain disorder. Research interest in schizophrenia is shifting to ever-earlier
stages of the disease process, so the journey to discover the causes of schizophrenia
is leading back to late childhood/early adolescence as the important time period in the
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Historical findings show that OCs as a broad category of risk factor for schizophrenia
has a modest but consistently found association with schizophrenia. Odds ratios
(ORs) of 1.5 to 2.0 have been replicated in several population-based cohort studies
using prospective data.1 Within this broad category of complications there is good
evidence of an association between 10 specific complications and schizophrenia—
these are complications of pregnancy, such as bleeding, preeclampsia, diabetes,
and rhesus incompatibility; abnormal fetal growth and development measures, such
as low birth weight, congenital malformations, and small head circumference; and
complications of delivery, such as asphyxia, uterine atony, and emergency cesarean
section. The evidence supporting an association between these individual complica-
tions and schizophrenia comes from the largest studies with the most reliable epide-
miologic data that have explored the link between prenatal/neonatal life and the
development of schizophrenia in adulthood.
The past decade has seen few comparable studies conducted that have used
population-based, prospective data. The only study to do so and to also examine
a broad range of OCs was by Byrne and colleagues.2 This large, nested, case-
control study using Danish register–based data found an almost 2-0 fold increase in
the rate of schizophrenia among those who had experienced any one of the following
complications: maternal nonattendance at antenatal appointments, gestational age of
37 weeks or less, preeclampsia, threatened premature delivery, hemorrhage during
delivery, manual extraction of the baby, andmaternal sepsis of childbirth and the puer-
perium. The data was adjusted for the confounding effects of family psychiatric history
and socioeconomic and demographic factors. The evidence for the association
between OCs and schizophrenia coming from this large, well-controlled study with
good quality data is in keeping with previous findings—an association exists but it
is modest.
Several other cohort studies using population-based data have recently been con-
ducted but they have only addressed specific OCs,3,4 such as the association
between fetal growth measures and schizophrenia (in a cohort of Swedish male
conscripts); instead of, the association between prenatal exposure to maternal hyper-
tension/diuretic treatment and schizophrenia; and the association between prenatal
exposure to analgesics and schizophrenia (both in a Danish cohort using national
population-based register data).5,6 Finally, one study7 examined the association
between maternal-fetal blood incompatibility and schizophrenia in a large California-
based cohort. Evidence from these studies suggests the following:1. Birth weight is not associated with schizophrenia when gestational age is taken into
account.
2. Maternal hypertension and diuretic treatment during pregnancy are OCs of note—
experience of either one in the third trimester independently increases the odds of
the exposed offspring developing schizophrenia 2-fold and experience of both
increases the odds 4-fold.
3. Prenatal exposure to analgesics is an OC equally worthy of note with exposure
increasing the odds of schizophrenia 4-fold, after adjustment for the confounding
effects of parental history of schizophrenia, prenatal infection exposure, exposure
to other drugs in the prenatal period, other pregnancy complications, and parental
social status and parental age.
4. Maternal-fetal blood incompatibility leads to a 2-fold increase in the rate of schizo-
phrenia in adulthood among exposed offspring.
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example, evidence suggests that perinatal hypoxia may have lasting effects on dopa-
minergic function. The same data also suggest, however, a further indirect effect of
OCs such that birth insults alter the manner in which dopamine function is regulated
by stress in adulthood.9 Cannon and colleagues10 have recently found that neurotro-
phic factors, perhaps stimulated in response to fetal distress, may be important in the
origin of schizophrenia. In this nested case-control study, assays from cord and
maternal blood samples taken at delivery showed that, among schizophrenia patients,
birth hypoxia was associated with a 20% decrease in brain-derived neurotrophic
factor (BDNF) whereas among the matched healthy controls birth hypoxia was asso-
ciated with a 10% increase in BDNF. The deleterious effects of OCs, such as hypoxia
and hyperbilirubinaemia, on N-methyl-D-aspartate (NMDA) receptors have also been
proposed as a potential mechanism.11
Hypoxia itself has been proposed to mediate the effects of other OCs. Cannon and
colleagues12 found a linear relationship between the number of hypoxia causing OCs,
such as abnormal fetal heart rate, third-trimester heart rate, placental hemorrhaging,
and risk of schizophrenia, suggesting that any association between these specific
OCs and schizophrenia is accounted for by the effect of hypoxia on risk for schizo-
phrenia. These data also suggest that hypoxia interacts with genetic susceptibility
to further increase risk. The risk of schizophrenia increased with the number of
hypoxia-related OCs within families—given genetic vulnerability to schizophrenia,
those who were exposed to hypoxia were more likely to develop schizophrenia than
family members not exposed to hypoxia.CANNABIS USE
Over the past 5 years, robust epidemiologic studies with prospective data on cannabis
use have shown that cannabis confers an increase in risk for schizophrenia. Several
reviews and meta-analyses examining this association have been published since
2004 and all have concluded that the evidence supports cannabis as a component
cause of schizophrenia.13 The results of the meta-analyses varied from an overall
2-fold to a 2.9-fold increase in later schizophrenia outcomes in cannabis users.
Early-onset or adolescent-onset cannabis use confers an even higher risk of later
schizophrenia—approximately 4-fold.
The majority (90%) of adolescents who abuse cannabis do not develop schizo-
phrenia. The risk for psychotic illness attached to cannabis use seems influenced
by the amount used and the duration of use as well as the type or strength of
cannabis.14 Individual genetic susceptibility may also be important. Caspi and
colleagues,15 using data from the Dunedin Multidisciplinary Health and Development
Study, showed that individuals with the high-activity allele (val) of the COMT gene
were more likely to develop schizophrenia or schizophreniform disorder in adulthood
if they had used cannabis in adolescence, with the effect more marked in those who
had used cannabis earlier in adolescence, whereas this effect was not seen among
individuals who were homozygous for the low-activity (Met) allele. Individuals who
were heterozygous (Val/Met) were also found at increased risk, but the effect was
less marked. Both self-report and informant reports of psychotic symptoms yielded
a similar pattern of results,16 with findings that cannabis use is associated with
a greater frequency of hallucinogenic experiences in Val allele carriers who had
high psychosis liability at baseline. It is not yet known how cannabis exerts its
effect on risk of psychosis, but it seems likely to involve changes in dopamine
transmission.
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increase in relative risk on an individual level but has a much greater effect at
a population level given its widespread use in the general population. It has been
estimated that 8% to 15% of all schizophrenia can be attributed to cannabis
use.17,18PRENATAL INFECTION
Mednick and colleagues19 first reported an increased risk of schizophrenia among
individuals exposed prenatally to the 1957 influenza epidemic in Helsinki. Most subse-
quent studies examining this issue have found a positive association but there have
also been some negative findings (Brown20 provides an extensive review of this liter-
ature). One reason for the inconsistent results is likely to be the differing methodolo-
gies used across studies, with earlier studies using ecologic designs in which large
populations were deemed exposed if they were in utero at the time of an influenza
epidemic and later studies taking advantage of archived maternal serum to establish
individual exposure to the infection. Earlier studies pointed to the importance of expo-
sure to infection during the second trimester of fetal development, but the more robust
recent work places the window of vulnerability in the first trimester.21,22 A wide variety
of infections, such as influenza, herpes, polio, rubella, toxoplasmosis, and respiratory
infections, have been implicated. The effect sizes reported for the association
between prenatal exposure to infection and later schizophrenia have generally been
in the region of a 1.5-fold to 2-fold increase in risk.23,24 Studies using prenatal serum
samples, however, have found that those exposed prenatally to rubella had a 10-20-
fold increase in risk of adult schizophrenia25 and that those exposed during the first
trimester of gestation to influenza had a 7-fold increase in risk.22 There is some
evidence that prenatal exposure to infection may be interacting with another risk factor
for schizophrenia, such as genetic risk, to produce its effect.26 We found an additive
effect of having a positive family history such that, when coupled with prenatal expo-
sure to infection, the risk is significantly increased relative to either risk factor on its
own. There was an almost 5-fold increase in the odds of having schizophrenia for indi-
viduals with both psychosis liability and prenatal infection exposure compared with
individuals without either risk factor.
Despite much speculation, the mechanism by which prenatal infection increases the
risk of schizophrenia has not yet been elucidated. An indirect effect of infection on fetal
brain development seems the most plausible pathogenic mechanism. The wide range
of infections associated with schizophrenia during the prenatal period indicates that
some pathogenic mechanism common to many infections, such as the maternal
immune response to infection, may be in operation. Possible indirect mechanisms
include maternal IgG antibodies elicited by the infection or an infection-induced
excess of maternal cytokines, either of which may damage the developing fetus.27
A positive association between elevated maternal levels of the cytokine interleukin-8
during pregnancy and an increased risk of schizophrenia spectrum disorders in the
offspring has been found.22
The findings of immune dysregulation in schizophrenia28 and evidence of abnormal
expression of immune-related genes in postmortem schizophrenia studies29 support
the idea of the maternal immune response as the important mechanism. Animal
models of infection have provided evidence that the maternal immune response
affects fetal brain development in ways that are consistent with neuropathology
seen in schizophrenia. Abnormalities in the hippocampus and cortex as well as in
cerebellar white matter and evidence of altered behavior, such as deficits in social
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models of maternal infection.30 In addition, there is evidence that some of the behav-
ioral deficits are ameliorated by administration of antipsychotic medication30 and that
several other risk factors for schizophrenia, such as winter birth, urban birth, fetal
hypoxia, maternal stress, and maternal nutrition, elevate cytokine levels.30 This finding
suggests that perhaps maternal immune response may mediate the effects of other
environmental risk factors that have been assumed to have independent effects on
risk of schizophrenia.PRENATAL STRESS
There is a growing body of literature examining the causal relationship between
prenatal exposure to stress and the development of schizophrenia and other
psychotic disorders in adulthood. The prenatal stress/schizophrenia association has
been examined in several different ways. Death of spouse31,32 and experience of cata-
strophic events, such as war33 and nuclear explosion,34 have been found to increase
the risk of schizophrenia among those exposed. van Os and Selten33 found an
increased relative risk (RR) of schizophrenia (RR 1.28) among those in the Netherlands
who were in their first or second trimester during the Nazi invasion in May 1940, and
Malaspina and colleagues35 found that those in their secondmonth of gestation during
the 1967 Arab-Israel War (Six-Day War) also had an increased risk of schizophrenia.
Imamura and colleagues34 found that those exposed in their second or third trimester
to the nuclear explosion in Nagasaki were at increased risk of schizophrenia. Myhrman
and colleagues36 showed that the risk of schizophrenia among unwanted children was
raised compared with wanted or mistimed children, even after adjustment for con-
founding by sociodemographic, pregnancy, and perinatal variables (odds ratio [OR]
2.4). This study examined self-ratings of a woman’s desire to be pregnant. The ratings
were gathered prospectively beginning in the sixth or seventh month of gestation. The
association was present after accounting for both maternal depression and measures
of fetal well-being at the time of the birth. Khashan and colleagues32 found that death
or serious illness of a relative during the first trimester was associated with an
increased risk of developing schizophrenia, even when several potential confounders
were controlled for. This partially replicates the classic finding of Huttunen and Niska-
nen.31 This study showed that those whose fathers had died during their fetal period
were at an increased risk of schizophrenia compared with those whose fathers had
died during early childhood. This epidemiological evidence has been supported by
recent animal work linking prenatal stress and impaired behavioral adjustment/
emotional reactivity in the offspring.
As in the infection studies, the diversity of stress exposures associated with schizo-
phrenia raises the possibility of a single pathophysiologic mechanism underlying the
association. The common denominator could be the stress response and the resulting
glucocorticoid hormones known to be precipitated by psychological stressors.37
Animal models of prenatal stress have informed our understanding of the mechanisms
at play. For example, it has been shown in humans that the greatest sensitivity of the
developing fetus to stress is likely to be during late first or second trimester of preg-
nancy,19 when, based on animal evidence, glucocorticoid receptor expression is
commencing in the developing fetal brain. The precise timing of glucocorticoid
receptor expression in the developing human brain, however, is currently unknown.
Collectively, the findings from animal studies suggest that exposure of the developing
brain to stress-induced glucocorticoid hormones generates a syndrome that recreates
some aspects of the schizophrenia phenotype.38
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phrenia association have not had information on maternal adverse responses to
stress, such as substance abuse, which may mediate the association. And there is
evidence that the schizophrenia–risk-increasing effect of maternal stress during preg-
nancy may overlap with the risk-inducing effects of other environmental factors, thus
making it hard to delineate independent effects of some of the risk factors discussed in
this article. For example, psychological stress and neuroendocrine markers of stress
can affect immune function and, therefore, susceptibility to infection39; maternal
stress during pregnancy has been shown to increase the risk of fetal hypoxia,40 which,
in turn, has been show to increase the risk of schizophrenia; and stress has been
shown to alter people’s eating behavior, steering them toward sweet and fatty foods41
and possibly leading to maternal micronutritional deficiencies during pregnancy.
CHILDHOOD TRAUMA
Recent evidence has shown that childhood trauma is a risk factor for the development
of schizophrenia42–44 and psychotic symptoms.45 Although several previous studies
have suffered from methodological limitations, such as small, highly selected samples
and nonstandardized measures of trauma, a recent study has sought to overcome
these problems. Heins and colleagues46 examined exposure to childhood trauma
among nonaffective psychosis patients from geographically representative clinics in
Holland and Belgium. Siblings of patients and healthy control were recruited as
comparison groups. The use of a sibling comparison group helped to control for
any unmeasured familial confounding in the associations examined. Heins and
colleagues showed that those with childhood trauma had 4 times the odds of devel-
oping a psychotic disorder and that there was a dose-response effect present such
that patients had more trauma exposure than their siblings, who, in turn, had more
trauma exposure than the healthy comparison group. In addition, childhood abuse,
but not neglect, was significantly associated with the positive symptoms of psychosis;
there was no such association with negative symptoms. This finding indicates that
there may be symptom-specific and exposure-specific mechanisms at play.
Our work has shown significant associations between psychotic symptoms in early
adolescence and reports of child physical abuse, exposure to domestic violence, and
involvement in bullying45 and that cannabis use and childhood trauma both indepen-
dently increased the risk for psychotic symptoms in adolescence.44 Both cannabis
use and childhood trauma, however, additively interacted to increase the likelihood
of psychotic symptoms in adolescence to a much greater extent than either risk factor
independently. This indication of environmental factors working together to produce
a synergistic effect on risk has been found in other studies. Cougnard and
colleagues47 examined data from 2 large European population cohort studies (1 adult
cohort and 1 cohort aged 14–24 years) and calculated the additive interaction
between 3 environmental risk factors for psychosis (cannabis use, childhood trauma,
and urbanicity) and baseline psychotic experiences in predicting persistence of
psychotic experiences. The authors concluded that level of environmental risk
combines synergistically with subclinical psychotic symptoms to cause abnormal
persistence of these symptoms.
PRENATAL NUTRITION
Evidence for the involvement of prenatal nutrition in the pathway to schizophrenia in
some individuals has come from several sources. First, ecological evidence comes
from the study of populations exposed to famine. Individuals exposed to the Dutch
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(1958–1961) had a greater risk of developing schizophrenia compared with those
not exposed to these famines. Although data of this ecological nature are open to
methodologic criticisms, data from studies on micronutritional deficiencies and risk
of schizophrenia come from more robust studies. There is evidence that deficiencies
of folate, vitamin D, iron, and protein during the prenatal period all independently
increase the risk of schizophrenia. Homocysteine levels are linked to folate in the
metabolic cycle48; and elevated maternal homocysteine levels in the third trimester
have been shown to be associated with a 2-fold increase in risk of schizophrenia in
the offspring. McGrath and colleagues49–51 have shown that vitamin D supplementa-
tion in males in Finland reduced the incidence among these individuals and that both
low and high concentrations of neonatal vitamin D are associated with an increase risk
of schizophrenia; and a large Danish showed that those exposed to prenatal iron defi-
ciency had a 4-fold increase in risk of schizophrenia. There has been some evidence to
suggest that polyunsaturated fatty acids deficiency during gestation increases the risk
of schizophrenia but this evidence has largely been indirect and from animal studies.
McGrath and colleagues have also shown that vitamin D–deficient rats have features
characteristic of schizophrenia, such as enlarged ventricles, a thinner neocortex, and
altered behavior in adulthood, such as hyperlocomotion and impaired latent inhibi-
tion.52 There is also animal evidence suggesting that exposure to suboptimal levels
of protein in utero leads to abnormalities in brain development that are similar to those
seen in schizophrenia patients, such as a reduced number of hippocampal cells, and
affects behavior in ways consistent with the schizophrenia phenotype, such as
reduced prepulse inhibition and adverse effects on learning and memory.53
Several biological pathways, both direct and indirect, possibly mediate the associ-
ation between prenatal nutritional deficiency and later schizophrenia. Direct effects
are possible because many micronutrients are important components of molecules
in neurodevelopment and indirect effects are possible because it is plausible that
nutritional deficiencies could result in de novo mutations in genes critical for brain
development.54 Table 1 outlines some of the recent studies examining environmental
risk factors for schizophrenia.EPILEPSY AS A RISK FACTOR FOR SCHIZOPHRENIA
The nature of the relationship between psychosis and epilepsy has been of great
interest to psychiatrists for more than a century.62–65 The majority of studies66–68
have found a higher prevalence of psychosis in patients with epilepsy compared
with the general population, but this finding varies greatly, with reported rates varying
from 0.48%69 to 35.7%.70 A seminal Icelandic population study surveyed a complete
population of all individuals with epilepsy in Iceland and reported a rate of psychosis
of 7.2%.71
In a systematic review andmeta-analysis that we conducted, the pooled prevalence
rate for schizophrenia in epilepsy patients was 1.3% (95% CI, 0.7–1.7) (Fig. 1). This
percentage was found after pooling a total of 17 articles. A large Danish population–
based study found that people with a history of epilepsy have nearly 2.5 times the
risk of developing schizophrenia and nearly 3 times the risk of developing a schizo-
phrenia-like psychosis compared with the general population.72 It was also found
that both a family history of psychosis and a family history of epilepsy increase the
risk of schizophrenia.
In a population-based family study examining shared susceptibility to epilepsy and
psychosis, we found that individuals with epilepsy had a 5.5-fold increase in the odds
Table 1
A selection of recent studies examining the association between environmental risk factors and schizophrenia
Risk Factor Author Description
1. Obstetric complications
Fetal growth Gunnell et al,3 2003
Gunnell et al,4 2005
Swedish cohort study: no association when gestational age is taken into account
Medication Sørensen et al,6 2004
Sørensen et al,5 2003
Danish cohort study: OR 4.7 (95% CI, 1.9–12.0) for prenatal exposure to analgesics in the
second trimester
Danish cohort study: OR 4.0 (95% CI, 1.4–11.4) for prenatal exposure to both hypertension
and diuretic treatment in the third trimester
Rhesus incompatibility Hollister et al,55 1996
Insel et al,7 2005
Case-control study: rate of 2.1% vs 0.8% for Rh incompatible vs Rh compatible
Californian cohort study: RR 2.2 (95% CI, 1.1–4.4) for male offspring where there was
maternal-fetal blood incompatibility
2. Cannabis use Henquet et al,17 2005
Moore et al,18 2007
Meta-analysis of epidemiological studieswith prospective data: pooledOR2.1 (95%CI, 1.7–2.5)









Brown et al,22 2004
Brown et al,56 2005
Brown et al,57 2006
Brown et al,21 2000
Brown et al,58 2000
Babulas et al,59 2006
Serologic nested case-control study: OR 3.0 (95% CI, 0.9–10.1) for the first half of pregnancy
Serologic nested case-control study: OR 2.6 (95% CI, 1.0–6.8) for high IgG antibody titre
Serologic nested case-control study: no association found
Birth cohort study: RR 5.2 (95% CI, 1.9–14.3) for nonaffective psychosis
Birth cohort study: RR 2.1 (95% CI, 1.0–4.3) for secondnd trimester













Death/illness of relative Huttunen and
Niskanen,31 1978
Khashan et al,32 2008
Finnish cohort study: significant increase in risk for prenatal compared with postnatal death
of spouse
Danish birth cohort: RR 1.67 (95% CI, 1.0–2.7) for death of relative during first trimester
War van Os and Selten, 199833
Malaspina et al,35 2008
Dutch birth cohort: RR 1.1 (95% CI, 1.0–1.2) for exposure in second trimester
Jerusalem birth cohort: hazard ratio 2.3 (95% CI, 1.1–4.7) for first-trimester exposure
Unwanted pregnancy Myhrman et al,36 1996 Finnish birth cohort: OR 2.5 (95% CI, 1.5–4.2) for children of unwanted pregnancies
5. Childhood trauma Kelleher et al,45 2008
Harley et al,44 2010
Heins et al,46 2011
Irish cohort study: OR 5.9 (95% CI, 1.2–27.9) for childhood physical abuse and risk of psychotic
symptoms in adolescence
Irish cohort study: OR 6.1 (95% CI, 1.6–23.1) for childhood trauma and psychotic symptoms
Case-control study: OR 4.5 (95% CI, 2.7–7.3) for childhood trauma and nonaffective psychotic
disorder
6. Prenatal nutrition
Iron deficiency Insel et al,51 2008
Sørensen et al,60 2010
Californian cohort study: RR 3.7 (95% CI, 1.4–9.8) for maternal mean hemoglobin of
10 g/dL or less
Danish cohort study: OR 1.6 (95% CI, 1.2–2.2) for maternal anemia during pregnancy
Homocysteine Brown et al,48 2007 Nested case-control study: OR 2.3 (95% CI, 1.1–4.8) for elevated third-trimester
homocysteine levels




























































































NOTE: Weights are from random effects analysis
Fig. 1. Prevalence of schizophrenia in epilepsy (1.3%).
Clarke et al594of having a broadly defined psychotic disorder and an almost 8.5-fold increase in the
odds of having schizophrenia.73 There was strong evidence of clustering of the asso-
ciation between epilepsy and psychosis within families. Individuals with a parental
history of epilepsy had a 2-fold increase in the odds of developing a psychotic disorder
compared with patients without a parental history of epilepsy. Reciprocally, individ-
uals with a parental history of psychotic disorder had a 2.8-fold increase in the
odds of having a diagnosis of generalized epilepsy compared with individuals without
a parental history of psychosis.
This evidence suggests that epilepsy and psychotic illness may represent different
outcomes of a common etiologic process. Neuropathologic, neuroimaging, and
genetics findings show that similar structural brain abnormalities and genetic abnormal-
ities are present in patients with schizophrenia and patients with epilepsy.74–77 For
instance, enlarged ventricles have been found common to first-episode psychosis
and temporal lobe epilepsy patients without psychosis.78 Neuronal migration defects
have been proposed as a mechanism related to enlarged ventricles and this defect
could be common to schizophrenia and epilepsy. From a neurobiological perspective,
significant gray matter and white matter deficits occur in temporal lobe epilepsy with
psychosis. Some of these deficits overlap with those found in schizophrenia. These
include themedial temporal structures but also extend to lateral temporal and extratem-
poral regions.79 Recent genetic work shows that a rare genetic mutation can lead to
either epilepsy or schizophrenia. Amicrodeletion in the genomic area 15q13-14 contain-
ing the nicotine receptor was linked to development of either schizophrenia or juvenile
epilepsy.77
In summary, a history of epilepsy in patients increases their risk of developing
schizophrenia. An improved understanding of the mechanism underlying this
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etiopathogenesis of both psychosis and epilepsy.ACQUIRED BRAIN INJURY AS A RISK FACTOR FOR SCHIZOPHRENIA
Acquired brain injury (ABI) increases the risk of psychiatric illness80–82 but the question
of whether ABI is a risk factor for schizophrenia remains controversial. Earlier studies
stated that there was a 2-fold to 3-fold increased risk of psychosis after an ABI.83 More
recent studies have contradicted this view and reported that there is limited evidence
between an association between head injury and psychosis.83–85 Consensus is
divided and this can often lead to difficulties from a medicolegal viewpoint.
We conducted a recent systematic review and meta-analysis on population-based
controlled studies and showed a significant association between traumatic brain injury
and schizophrenia with an OR of 1.65 (95% CI, 1.17–2.32). It is difficult, however, to
definitively establish causality. Patients who develop psychosis after head injury
may already have been at risk of psychosis before the injury. Confounders include
illicit substance use. In patients with a family history of psychosis, the contribution
of head injury may be greater to susceptible patients. Two family studies yielded
a pooled OR of 2.8 (95% CI, 1.17–2.32). The impact of head injuries seems to be
greater among those with an inherited susceptibility to schizophrenia.86,87 Studies
have also found an increased rate of pre-existing psychosis among people with
head injury and it is thought that psychosis increases the risk for ABI.88 The apparent
complexity of the causal pathway between ABI and schizophrenia adds to the diffi-
culty of investigating this relationship. Influences of gene-environment interaction or
an epigenenetic mechanism must be considered.
There does not seem to be a dose-response between the severity of the head injury
and the subsequent risk of schizophrenia. When subdivided by severity of ABI, the
pooled ORs were similar in studies providing rates for mild head injury specifically
(1.17) to estimates for severe head injury (1.18). Achte and colleagues89 followed-up
3552 Finnish soldiers who had received head injuries during World War II. During
this period, 2.6% developed psychoses resembling schizophrenia, which is much
higher than the incidence expected in the normal population. Soldiers with mild
head injuries developed schizophrenia more frequently than those with severe head
injuries. Factors independent of the injury may play a decisive role.ANTI-NMDA RECEPTOR ENCEPHALITIS AS A RISK FACTOR FOR SCHIZOPHRENIA
Anti–NMDA receptor encephalitis is a severe form of encephalitis associated with
antibodies against NR1 and NR2 subunits and occurs primarily in females. Prominent
features on initial presentation include psychotic symptoms and may be misdiag-
nosed as first-onset schizophrenia.90 There can be motor changes, such as catatonia,
seizures, and dyskinesias. There are also behavioral changes, autonomic dysfunction,
and impaired consciousness.91 The combination of psychotic symptoms with cata-
tonia and orofacial dyskinesias, which are indicators of dopaminergic involvement,
are all consistent with the effects of the NMDA receptor antagonist, phencyclidine,
which replicates many aspects of the presentation of schizophrenia.92 It is also impli-
cated in phencyclidine induced psychosis.
The psychiatric presentations of these cases of anti-NMDA receptor encephalitis
thus provide important support for the NMDA receptor hypofunction hypothesis for
psychosis and the possibility that autoantibodies to the NMDA receptor subunits
may be implicated in the development of psychosis is novel.
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Family Studies
Historically, the evidence from family studies of schizophrenia have shown that that
a sibling or child of a person with schizophrenia has a 10-fold increased risk of devel-
oping schizophrenia compared with the risk in the general population.93 The risk in
a recent large register-based study has shown lower risks (ORs 2–4) and lack of spec-
ificity for schizophrenia among offspring of parents with nonaffective psychosis.94
Adoption and cross-fostering studies show an increased risk of schizophrenia in the
biological but not the adoptive families of schizophrenic adoptees.95
Twin Studies and the Heritability Index
Twin studies have shown that the concordance rates for schizophrenia in monozygotic
(MZ) twins is approximately 40% to 50% whereas the concordance rate for dizygotic
(DZ) twins is 6% to 10%.96,97 Heritability estimates are approximately 80%, which
make schizophrenia among the most heritable of psychiatric disorders. Heritability
calculations assume, however, no interactions among genes or between gene and
the environment—an assumption that may have significant implications for the validity
of these estimations.98 Another assumption is that MZ twins share their environment to
an equal degree as DZ twins. This assumption may not be valid in particular when
considering the prenatal environment because MZ pairs differ from DZ pairs in terms
of sharing the placenta (ie, MZ twins are more likely to share a placenta). For this
reason, MZ twins may share more of the prenatal environment than DZ twins and,
as discussed in this article, prenatal life is a rich source of risk factors for later schizo-
phrenia. The risk of schizophrenia and schizophrenia-related disorders is similar for
the offspring of both affected and unaffected MZ twins,99,100 providing support for
the presence of unexpressed genotypes in schizophrenia and the importance of
epigenetics.
Genome-Wide Association Studies
Over the past 2 decades there has been a concentration of effort and resources in
investigating the molecular genetics of schizophrenia (for review, see the article by
Gejman and colleagues101). The initial approach involved candidate gene studies
and more than 1000 genes have been studied in schizophrenia (www.szgene.org)
but with little replication of findings. The newer approach has been to use genome-
wide association studies (GWAS), which interrogate the genome systematically and
are independent of a prior hypothesis (Table 2). To date, 12 GWAS studies have
been published, but, despite large sample sizes, the problem of nonreplication has
not been eliminated. The largest study, a mega-analysis with a discovery sample of
21,856 and a replication of samples of 29,839 individuals, was published in October
2011 by the Schizophrenia Psychiatric Genome-Wide Association Study Consortium
and found 5 new schizophrenia loci not previously identified in the other GWAS.102
The best-replicated finding from GWAS is evidence for involvement of the major
histocompatibility complex (MHC) locus. The MHC locus has a high gene density
but genes with an immune function predominate—which links back to the epidemio-
logic data on infections and autoimmunity as risk factors for schizophrenia (discussed
elsewhere). Another notable feature of these GWAS studies is the small effect sizes of
the genes identified. ORs are usually approximately 1.10. An elegant analysis by
the International Schizophrenia Consortium103 estimated that hundreds (perhaps
thousands) of genes may be involved in conferring risk for schizophrenia, each with
small effect. The investigators showed that an aggregate score, derived from the
Table 2
Top genes or genomic regions identified in schizophrenia GWAS and ORs
Authors and Year Sample (Case-Control) Gene or Region OR
Lencz et al,159 2007 178/144 CSF2RA, SHOX 3.23
Sullivan et al,160 2008 738/733 AGBL1 6.01
O’Donovan et al,161 2008 Discovery: 479/2937
Follow-up: 6829/9987
ZNF804A 1.12
Need et al,162 2009 Discovery: 871/863
Follow-up: 1460/12,995
ADAMTSL3 0.68



















Ikeda et al,166 2010 575/564 OAT 0.57












































Abbreviations: AA, Asian ancestry; ISC, International schizophrenia consortium; MGS, molecular
genetics of schizophrenia study; PGC, schizophrenia psychiatric genome-wide association study
consortium; SGENE, A large scale genome-wide association study of schizophrenia addressing vari-
ation in expressivity and contribution from environmental factors.
Predicting Risk and the Emergence of Schizophrenia 597top 10% to 50% of a set of 74,000 single-nucleotide polymorphisms (SNPs) from the
association results in a discovery sample, can predict up to 3% of the variance in
a target group. Using a different approach, Agerbo and colleagues104 came to the
same conclusion and reported that the percentage of excess risk associated with
a family history of schizophrenia mediated through genome-wide SNP variation
ranged up to a maximum of 4%. This raises the question, “Where is the missing heri-
tability?”105,106 It may be surmised that the “missing heritability” is likely to lie in the
environment or gene-environment interaction, which is not captured by individual
SNPs or their combination. The area of epigenetics is a promising area of investiga-
tion in the coming years.
Clarke et al598Copy Number Variation Studies
In addition to the reports of common SNP variations, many rare structural genomic
variants, such as copy number variants (CNVs), have been identified (for review, see
the article by Gejman and colleagues101). These rare variants seem to have larger
effect sizes than SNPs but many are private mutations confined to single families.
These variants are not specific to schizophrenia and confer risk for a variety of condi-
tions, such as epilepsy, autistic spectrum disorder, and attention-deficit/hyperactivity
disorder. An interesting aspect of these structural variants is that so many affect genes
are implicated in brain development, which links nicely with the neurodevelopmental
hypothesis of schizophrenia described first in the late 1980s and discussed elsewhere
in this article. Apart from their rarity, a problematic aspect of the large CNVs identified
to date is that they span multiple genes and the contribution of each gene may be diffi-
cult to disentangle. Nevertheless, some commentators hold that these rare variants
could hold the key to explaining the transmission of schizophrenia and argue
that mutations with the largest effects in individuals, regardless of their frequency
in the population, is the most informative as to the underlying pathogenesis of
schizophrenia.
Several conclusions can be drawn from the GWAS and CNV studies so far:
 Common variants for schizophrenia identified to date are of small effect.
 There is substantial overlap between the genetic architecture of schizophrenia
and bipolar disorder.
 There is a large unexplained gap between heritability estimates from family
studies and the amount of genetic variation that can be attributed to genome-
wide SNP variation.
GENE-ENVIRONMENT INTRERACTION
There are strong indications, from several sources, that gene/environment interactions
are important in the cause of schizophrenia. There is evidence from animal work that
neuregulin-1 and DISC1 may modify the consequences of prenatal immune activa-
tion107,108 and that neuregulin 1 may modify the effect of exposure to social defeat.107
There is also evidence from human studies that COMT may modify the effects of
adolescent exposure to cannabis,15 that individuals at high genetic risk for schizo-
phrenia are particularly sensitive to the adverse effects of a negative family rearing
environment,109 and the effect of urbanicity is mediated by genetic liability to
psychosis.110 The urbanicity studies found that 60% to 70% of those in the sample
who developed schizophrenia did so as a result of the synergistic action between
urban dwelling and familial liability to psychosis.
Our study of prenatal infection and family history of psychosis found that up to half
of the cases of schizophrenia in the sample could be attributed to the synergistic
action of prenatal infection exposure and familial liability to psychotic disorder. The
possibility of OCs interacting with underlying genetic vulnerability has been raised
by several other lines of evidence.111–114 In particular, recent findings show that
many of the susceptibility genes identified for schizophrenia are affected by
hypoxia.115–117 Nicodemus and colleagues116 performed a gene-environment interac-
tion analysis in a family study of schizophrenia probands, siblings, and controls. The
authors examined whether a set of schizophrenia candidate genes affected by
hypoxia or involved in vascular function in the brain interacted with serious OCs to
influence risk for schizophrenia. They found that 4 of the 13 genes examined showed
evidence for significant serious OC-by-gene interaction. All of the OCs rated as
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pregnancy, extended labor, delivery problems, and respiratory distress at birth. The 4
genes found to interact with these OCs, AKT1, BDNF, GRM3, and DTNBP1, showed
previous evidence of an association with schizophrenia and were affected by hypoxia.
In keeping with the epidemiological findings discussed previously, the OCs identified
in this study were diverse and occurred during both prenatal and perinatal periods.
The overall evidence suggests that these exogenous environmental factors are
working on a developmentally vulnerable brain in which endogenous factors have
gone awry to produce synergistic increases in risk of schizophrenia in adulthood.
PREVENTION
If gene-environment interaction is important in the etiology of schizophrenia, then pre-
venting the environmental exposures will reduce some of the risk associated with
susceptibility genes as well as reducing the risk associated with the independent
effects of the environmental exposures. It has been calculated that there is an infection
population-attributable proportion of 30% in the samples used to analyze the associ-
ations between schizophrenia and influenza, toxoplasmosis, and genital-reproductive
infections. If these 3 infections had been prevented, then there would have been 30%
fewer cases of schizophrenia in the patient groups examined in these studies. It has
also been suggested that the start of influenza immunization may have been respon-
sible for a reduction in the rate of schizophrenia beginning in the 1950s.118 Evidence
like this has been used in support of suggestions that greater coverage of the pregnant
population with wide-ranging immunization would decrease the incidence of schizo-
phrenia in the general population. McGrath and colleagues50 have calculated that
almost 44% of the schizophrenia cases in a Danish cohort may have been due to
nonoptimal neonatal vitamin D levels. McGrath and colleagues49 had previously pre-
sented evidence that vitamin D supplementation in males in Finland was associated
with a reduction in the incidence of schizophrenia in that population, indicating the
potential usefulness of supplementation at a population level for micronutritional defi-
ciencies. As noted by McGrath and Lawlor,119 however, although infection and nutri-
tion may be the exposures most amenable to public health intervention, the evidence
is not yet robust enough to justify such action.
Fig. 2 shows the multifactorial, highly complex potential causal pathways to schizo-
phrenia. It seems likely that some seemingly independent risk factors are actually
taking place at different times along the same causal pathway. If the antecedent
factors can be identified, perhaps through large cohorts with multiples exposures
measured, then where best to aim preventative strategies can be investigated. For
example, as discussed previously, there is evidence that maternal stress during preg-
nancy increases the risk of fetal hypoxia. If maternal stress during pregnancy can be
prevented or reduced, then some of the risk associated with hypoxia may be able to
be reduced.
CLINICAL PREDICTION OF PSYCHOSIS RISK: THE ULTRA–HIGH-RISK APPROACH
Psychosis is usually preceded by a prodromal period before full-blown illness. This
period is characterized by the presence of psychotic symptoms at a subthreshold
level of intensity and/or duration or frequency compared with established psychotic
disorder. Although the psychosis prodrome is, by definition, a retrospective diagnosis,
several research groups have developed criteria aimed at prospectively identifying
young people during the prodrome, before onset of first-episode psychosis. These
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Fig. 2. Proposed pathways and mechanisms linking OCs and risk of schizophrenia. (Repro-
duced from Clarke MC, Roddy S, Cannon M. Obstetric complications and schizophrenia:
historical overview and new directions. In: Brown AS, Patterson PH, editors. The origins of
schizophrenia. New York: Columbia University Press; 2011. p. 96–119; with permission.)
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Syndromes.121 Three prodromal risk syndromes have been described in these instru-
ments, characterized by
1. Attenuated positive symptoms
2. Frank psychotic symptoms that are brief in duration or
3. Genetic risk combined with functional deterioration
Prospective studies have demonstrated that approximately 15% to 40% of young
people who present to the clinic with these putative prodromal risk syndromes go
on to develop a psychotic disorder within the proceeding 2 years.122–126 As a result,
these individuals are considered an ultra–high-risk (UHR) group for psychosis.127
Neurocognitive Manifestations of Psychosis Risk
A great deal of research has been conducted addressing neurocognitive risk factors
associated with prodromal risk syndromes, which helps inform about the underlying
pathophysiology associated with psychosis risk. This has included research on
working memory, attention/vigilance, executive functioning, verbal learning/memory,
and speed of processing. Research has shown impairments across most of these
cognitive domains in UHR samples.
Working memory
Verbal and spatial working memory have both been shown to be impaired in
UHR samples, using assessments, such as letter-number span tasks, delayed match-
to-sample tasks, spatial board tasks, and hidden tokens tasks. Several different groups
have demonstrated verbal and spatial working memory deficits in UHR samples.128–133
Wood and colleagues,134 for example, demonstrated spatial working memory deficits in
an Australian sample of 38 UHR patients using a block-tapping test. Smith and
colleagues135 have also shown spatial working memory deficits in an American sample
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deficits on a letter-number sequencing task in a sample of 36 Canadian and American
UHR patients, a finding recently replicated by Carrion and colleagues137 in a larger
sample of UHR patients (n 5 127) also using the letter-number sequencing task.
Attention and vigilance
The Continuous Performance Test is the classic task used in neurocognitive assess-
ments of attention and vigilance. Hambrecht and colleagues138 conducted one of the
earliest such tests in a sample of 51 putatively prodromal patients and found that the
UHR sample demonstrated significantly poorer scores compared with healthy
controls. Attention deficits have now been demonstrated many times across different
studies.131–134
Executive function
Tasks, such as the Wisconsin Card Sorting Test (WCST) and the Tower of Hanoi, are
among the most commonly used measures of executive functioning in UHR samples.
Several groups have demonstrated executive function deficits in UHR patients.130–132
Pukrop and colleagues139 showed deficits on the WCST in a German sample of 90
UHR patients. Pflueger and colleagues,129 using both the WCST and Tower of Hanoi
tasks, also found executive functioning deficits in a sample of 60 UHR patients in
Basel, Switzerland. Most recently, in one of the largest studies to date, Carrion and
colleagues137 showed deficits on the WCST in a sample of 127 UHR patients.
Verbal learning/memory
Several different tasks are used to assess verbal learning and memory, which include
assessing the participants’ ability to immediately recall words as well as their ability to
recall the words after a delay. The California Verbal Learning Test, Hopkins Verbal
Learning Test, and the Rey Auditory Verbal Learning Test are frequently used, with
immediate and delayed testing trials, as well as the Wechsler Memory Scale. Verbal
learning tasks regularly show some of the greatest levels of impairment relative to
other neurocognitive domains.137–142 Niendam and colleagues,142 for example,
showed pronounced verbal learning deficits in a sample of 45 12-year-old to 29-
year-old UHR patients attending a prodromal clinic in California. Similarly, Jhashan
and colleagues143,144 demonstrated marked deficits in verbal learning in a sample
of 48 12-year-old to 30-year-old patients with prodromal syndromes.
Processing speed
Tests of processing speed have been used less frequently than tests of other neuro-
cognitive domains but have consistently demonstrated, in studies incorporating them,
some of the most marked neurocognitive impairments. Processing speed tasks used
have included the Trail Making Test, digit symbol-coding test, the Stroop Color and
Word Test, and verbal fluency tests.130 Hawkins and colleagues136 found deficits in
a sample of 36 American and Canadian UHR patients using a digit symbol-coding
task and the Stroop Color and Word Test. Eastvold and colleagues130 reported that
a sample of 40 UHR patients performed significantly more poorly on the Stroop Color
and Word Test compared with healthy controls. Simon and colleagues140 reported
poorer scores in a sample of 69 UHR patients on both the Trail Making Test and verbal
fluency tests. Frommann and colleagues132 found, in a sample of German patients
who were in the early versus late stages of the prodrome, that although patients in
the later stage of the prodrome demonstrated a range of neurocognitive deficits,
early-stage prodromal patients uniquely showed processing speed deficits. The
authors have recently conducted one of the first studies of prodromal syndromes
Clarke et al602outside the clinic setting.145 Among a population sample of 11-year-old to 13-year-old
patients, up to 8% fulfilled criteria for a prodromal risk syndrome. Using the Measure-
ment and Treatment Research to Improve Cognition in Schizophrenia (MATRICS)
consensus neurocognitive battery, young people who met criteria for prodromal risk
syndromes demonstrated deficits in processing speed, including on the Trail Making
Test, Part A, and the symbol-coding task from the Brief Assessment of Cognition in
Schizophrenia, as well as deficits in nonverbal working memory, using the Wechsler
Memory Scale spatial span task.146 Deficits were most pronounced on the symbol-
coding task from the Brief Assessment of Cognition in Schizophrenia (z score differ-
ence between UHR group and controls 5 1), in line with the findings of Frommann
and colleagues132 that processing speed deficits are the main finding in the early
UHR stages.
In the largest study to date of neurocognitive functioning in patients with prodromal
syndromes, Seidman and colleagues133 found that processing speed, measured with
a symbol-coding task, was the most pronounced of all neurocognitive deficits. Most
recently, Carrion and colleagues137 have also shown in a large sample of American
UHR patients that not only were processing speed deficits especially pronounced
relative to most other neurocognitive deficits but also processing speed deficits
were uniquely predictive of social and role functioning, independent of positive
psychotic symptoms. This is interesting given that some researchers have suggested
that symbol-coding deficits reflect the core of schizophrenia neurocognitive impair-
ment.147,148 In a meta-analysis of 40 studies, Dickinson148 reported that the effect
size of the impairment on a symbol-coding task significantly exceeded the effect sizes
of tasks commonly used to measure more specific cognitive domains, including
episodic memory, executive function, and working memory. This, they have argued,
represents a systems-based dysfunction, which may be at the heart of psychosis
risk, reflecting a process of disturbed integration and coordination between distrib-
uted brain networks.
The Community Approach
Although UHR research has been in progress in the clinic, a parallel stream of research
has been ongoing in the general population, studying psychosis from a broader
perspective, that is, individuals in the community who experience isolated psychotic
symptoms. These symptoms are especially prevalent in young people, with meta-
analyses demonstrating a median population prevalence of 17% among children
ages 9 years to 12 years and 7.5% among adolescents ages 13 years to 18 years.149
By comparison, a meta-analysis of (mainly) adult studies demonstrated a population
prevalence of 5% for psychotic symptoms.150 The presence of these symptoms at
a subclinical level in the community is of clinical interest because, as in UHR studies,
longitudinal research has demonstrated that these symptoms are associated with
increased risk for psychotic disorder in adulthood, albeit not to the same degree as
in UHR patients. In an influential article, Poulton and colleagues151 demonstrated
that community-based children who reported psychotic symptoms at age 11 were,
at age 26, at a 5-fold to 16-fold increased risk of schizophreniform disorder. This finding
was replicated by researchers in an Australian sample, who showed that self-reported
auditory hallucinations at age 14 years were associated with increased risk for
psychotic disorder at age 21.152 Young people in the general population who report
psychotic symptoms have been shown to share a wide range of risk factors with
schizophrenia patients, including social, environmental, substance use, obstetric,
developmental, anatomic, and intellectual risk factors.153 For these reasons, this pop-
ulation has been considered to form part of an extended psychosis phenotype,
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psychotic symptoms on one end and schizophrenia patients on the other end.
Researchers have argued that work on this extended psychosis phenotype may
provide valuable insights into the etiology of clinical psychotic disorder.154,155 Neuro-
cognitive research has only recently begun on this population but some of the cognitive
differences that are characteristic of the prodrome and first-episode psychosis have
already been shown to also occur in this population. In particular, deficits in processing
speed have been found pronounced in this group. Blanchard and colleagues,156 for
example, showed that, in addition to poorer scores in tests of receptive language
and motor skills, young people with psychotic symptoms performed more poorly on
the Trail Making Test, Part B. This is in line with a previous cohort study, which de-
monstrated that childhood performance on this task predicted schizophrenia in
adulthood.157 Using the MATRICS battery in a sample of more than 200 community-
based adolescents, we have recently shown that psychotic symptoms are associated
with significantly poorer scores in tests of processing speed andworkingmemory, with
performance on digit symbol-coding particularly pronounced.158 This mirrors findings
in UHR sample as well as in first-episode psychosis.
SUMMARY
There is strong evidence for involvement of a range of environmental risk factors in the
pathway to schizophrenia. These include OCs, prenatal infection, prenatal stress,
prenatal nutrition, and adolescent cannabis use. These risk factors, however, are
neither necessary nor sufficient causal factors for schizophrenia. The majority of
people who are exposed to them do not develop schizophrenia and a majority of indi-
viduals with schizophrenia may not have had the specific exposure in question. These
risk factors are component causes embedded in highly complex pathways to schizo-
phrenia in which some of these risk factors may add to, mediate, or moderate each
other’s effects. Just as with genetic risk factors, however, a risk factor should not
be ignored because it is of small effect. It is likely that these environmental risk factors
also affect the outcome of genetic risk factors for schizophrenia through gene/environ-
ment interaction and/or through epigenetic effects. In addition, work studying the
etiologic overlap between neurodevelopmental disorders, such as epilepsy and
schizophrenia, and work on the extended psychosis phenotype are starting to provide
potentially valuable insights into the etiology of clinical psychotic disorder.
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